Due to ever-increasing demand on the natural resources, earth is on the verge of a global mass extinction. The biodiversity hotspots are the remnant natural areas of high terrestrial biodiversity which are rapidly degrading and constitute more than half of the global endemic species in approximately 2% of the global land area which requires conservation and protection along with effort to identify new areas. Presently, data gaps and nonavailability of adequate information across the biodiversity hotspots has resulted in unsustainable commercial exploitation in these areas. In this paper, effort has been made to assess the status of the various biodiversity hotspots across the globe with respect to the geographic distribution, the area under natural vegetation, concentration of endemic plants, and the human development index in these areas. Monitoring such a large extent across the globe has its difficulties. The use of recent tools and technologies including earth observation systems and information technology can help in monitoring and identification of the global biodiversity hotspots and help in conservation and protection of these areas. It is suggested to identify the biodiversity-rich areas at a coarse scale and have a detailed study of the biodiversity-rich areas to design appropriate conservation and protection of the biodiversity hotspots.
Introduction
One of the major challenges for conservation professionals in today's fast paced globalization is what to conserve and where to conserve. Myers 1 had provided a beautiful concept based on the principle of irreplaceability and vulnerability to aid in planning for conservation in the form of "Biodiversity Hotspots". Since it has been estimated that approximately 44% of the vascular plants and 35% of vertebrates are confined to the then 24 hotspots occupying 1.4% of the land surface, 2 protection of these hotspots can result in a significant reduction of the risk of a major chunk of the species from extinction. At present, approximately 36 biodiversity terrestrial hotspots have been identified by Conservation International 3 for conservation prioritization, but there may be many more areas where, due to data gaps, 4 assessment of an area is not possible and these may be at a greater risk of biodiversity loss due to overexploitation. 5 Hence, a quick and effective methodology to characterize the biological diversity of a region is necessary for identification of biodiversity hotspots. This may be either through models or proxies for designing effective conservation strategies to reduce the risk to the global biodiversity.
Biodiversity is closely related to sustainable development and is essential for ecosystem stability. It directly or indirectly benefits human life. 6 It has been reported that loss of biodiversity may result in vulnerability to crop production. 7 Biodiversity also provides new sources of drugs for health care, essential nutrients to improve human health, and bioremediation to clean up environment. It also contributes economically in terms of nature tourism, non-timber forest produce, crop productivity, pest management, and as environmental change indicators. 8 These natural areas help in watershed regulation and soil or coastal zone stabilization 9, 10 to the extent that these ecosystems if degraded may affect the human society. The loss of populations, species, or groups of species from an ecosystem can upset its normal functioning and disrupt these ecological services. For example, the recent decline in honeybee populations may result in loss of pollination services for fruit crops and flowers. 11 Biodiversity also provide medical models (eg, Taxol for cancer drug development 12 ) for research into solving human health issues.
Some of the regions in the world have the ideal conditions for speciation and endemism due to physical isolation, optimum temperature and precipitation, topographical uniqueness, or a combination of all the factors. 13 In most of these global biodiversity hotspots, optimal temperature and precipitation coupled with their relative isolation has resulted in regions of endemism. In the recent times mostly during the last few centuries, these regions of high endemism have been extensively degraded mainly due to global economic growth and rapid increase in the human footprints across the globe. 14 Furthermore, since the socioeconomic fabric of these regions has depended on subsistence farming and on extraction of forest resources, there has been gradual loss of forests in these regions.
Biodiversity hotspots as defined by Myers and Conservation International 15 are those regions of the world which contain a minimum of 0.5% (~1,500) of global endemic vascular plant species (~300,000 estimated for the world) and have less than 30% or less of the original vegetation cover remaining. But this qualification is fuzzy both for the number of species and for the historical extent of the original vegetation cover. This is due to the huge data gap in terms of the number of species surveyed as well as data on the historical coverage of the original vegetation. 16 Scientific documentation of the vegetation cover as well as species surveys started only in the 18th century, but it was only in the second half of the 20th century that serious organized surveys of the global species distribution has been initiated. 17, 18 Another important aspect of the global biodiversity hotspots relates to the spatial boundaries of the hotspot areas and the criteria by which they have been delineated on the map. To address this, a sustained effort is necessary to generate the data required for identifying "what and where" of the biological diversity. And this should not be a top-down or bottom-up approach, 19 but a scientific effort toward identification of the "whole" using the latest available tools and techniques. The effort should be coordinated among a global network of scientists, conservationists, academicians, and naturalists all working toward a common goal -identification of additional biologically rich areas under threat of land use and land cover (LULC) change.
Biodiversity hotspots concepts
The concept of biodiversity hotspots proposed by Myers 2 and further developed by subsequent workers 3 considers only the terrestrial hotspots as the definition also takes into account the percent of land area lost in regions of high endemism.
Although at present 36 biodiversity hotspots have been identified, there are still many biodiversity-rich regions on Earth that have an immense contribution in global species diversity and associated economy, 20 especially the marine ecosystems such as the coral reefs and deep sea megabenthos. 21, 22 These aquatic ecosystems probably harbor the highest concentration of biodiversity and endemic species; they also represent some of the highly threatened ecosystems that have not been considered in the present concept of biodiversity hotspots. Recent work in marine biodiversity has resulted in identification of heretofore unknown regions of aquatic biodiversity 23 which due to the lack of access and immense distribution across the earth (three-fourth of the earth surface) that can harbor even greater biodiversity than the terrestrial ecosystems. Data from trawling and deep sea remote operating vehicles have provided new areas of high biodiversity in the aquatic ecosystems. 24 It has been established that there has been a significant shift in the global marine biodiversity regions throughout the geological history. 25 In light of this, there is a need to revise the definition of biodiversity hotspots to include other indicators or some other indices using recent tools and techniques to include the marine ecosystems as biodiversity hotspots 26 as well as to include the impact of high population pressure of the coastal regions on the marine biodiversity. 27 However in this article, we will restrict the analysis to the terrestrial biodiversity hotspots. biodiversity hotspots are densely populated by humans and yet they have low human development index, where the pressure on the natural ecosystems for basic requirements such as food and energy is high. Hence, the biodiversity hotspot regions across the world have very high anthropogenic pressures. 30 Furthermore, since most of the biodiversity is concentrated in these 36 hotspots, there is a huge risk of commercial exploitation if these regions are developing due to globalization, and in consequence result in loss of biodiversity and the traditional knowledge associated with them. 31, 32 Tropical forests are home to approximately three-fourth of the world's terrestrial biodiversity and are estimated to harbor not less than three million species, although the richness could be ten times higher. However, only approximately half a million species from the tropical forests has been scientifically catalogued. It implies that another 2.5-25 million species are unrecorded and with the current trends of habitat loss, most of them are going to disappear in near future without being even identified. 33 
Quantification of biodiversity for protection and conservation of biodiversity hotspots
With the current trend of globalization and Intellectual Property Rights regimes, there is an urgent need for proper and scientific quantification and documentation of the biodiversity and associated knowledge base, especially in developing nations. 34 Traditional systems of knowledge sharing have not necessarily always been open and are restricted by hierarchy, community, caste, and class, 35 among the various ethnic groups. Since most of the information is not documented, it is probable that the information of the varied uses of biodiversity in tropical developing nations may be lost or privatized by some multinational companies ultimately taking away the biodiversity-based sources and sustenance from ethnic groups. The challenge for the 21st century is in developing -for the first time -a working knowledge of Earth's biological diversity in all its complexity so as to preserve and use these resources sustainably. 36, 37 This knowledge is critical to science and society -for maintaining a nation's natural resources, for its economy, human health, and food security, hence improving the quality of human life. We urgently require this knowledge as the conversion of natural systems to human-managed systems accelerates the decline of biological diversity and its habitats.
Biodiversity is intricately related to the plant community as it determines the biological diversity of the ecosystem. Plant community influences the ecosystem functioning essential for the survival of species, and its heterogeneity is an important indicator for biodiversity assessment at a landscape level. 38 Furthermore, plant species generally exists in association and any change in species composition may lead to changes in the plant community resulting in changes to the native biodiversity of the region. Change in the biodiversity is due to three basic ecological processes: 1) invasion of exotic plants, 2) progressive succession as a part of the ecological process, and 3) retrogressive succession due to natural and anthropogenic pressures on ecosystems. Assessment of changes in the biodiversity or the state of biodiversity is evident from the presence of indicator species and the distribution and abundance of keystone species. 39 Indicator species can play a major role in quick assessment of the biodiversity status of a region. For example, invertebrate richness in the soil and plant litter is a good indicator of the presence of a rich diversity in the ecosystem. 39 Studies by Nally and Fleishman 40 have shown that identification and analysis of the behavior of relatively few indicator species in a community can predict the variation in 89% of the species in the community. Keystone species on the other hand are responsible for the sustenance of the community in its present form. Any change in the abundance and distribution of the keystone species will lead to a irreversible change in the ecosystem functioning and structure in terms of species composition, hence affecting biodiversity. One of the possible ways of characterizing keystone species in the forest ecosystem is through the assessment of competitiveness of the species along the successional gradient and focusing on their role, which supports or contributes in maintenance of the existing vegetation type. 41 A limitation of the field-based data lies in extending the insights from the data to regional or global scales. Methods to reduce the amount of time spent collecting data are therefore of interest. 42 Biodiversity can be assessed at each level of ecological organization by monitoring the different attributes. At the landscape level, attributes that could be monitored include the identity, distribution, and proportions of each type of habitat, and the distribution of species within those habitats. At the ecosystem level, richness, evenness, and diversity of species, guilds, and communities are important. At the species level, abundance, density, and biomass of each population may be of interest. And, at the genetic level, genetic diversity of individual organisms within a population is important. It is best to assess and interpret biodiversity across all these levels of organization by using various approaches at several spatial and temporal scales. 43, 44 The priorities of biodiversity conservation and management 
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Roy has resulted in a policy shift from conservation of single species to habitats through interactive network of species at the landscape level. In this "top-down" approach, 19, 45 biodiversity can first be characterized at the landscape level to prioritize, and a subsequently detailed inventory can be undertaken for the prioritized areas. This "top-down" approach allows extrapolation to large landscapes and involves the development of a spatial environmental database and systematic monitoring.
Identification of biodiversity hotspots Approaches used till date, challenges in hotspots identification
To date, global biodiversity hotspots have been identified hypothetically using the data generated by the various scientific explorations and secondary information on regions of endemism. 46 Myers 1 used plants as indicator species to identify the centers of high-endemic biological diversity and it was a commendable concept. But now even with availability of newer technologies, there is still little large-scale adoption of these technologies in conservation biology. The concepts of landscape ecology 47 have rarely been used for identification of the biological hotspots. Although in recent years, a few promising studies using recent tools such as ecological niche modeling, remote sensing, and Geographic Information System (GIS) for identification of biodiversity hotspots have been published. 48, 49 Much needs to be done to evolve a workable uniform approach in determining the hotspots. One of the lacunas in global biodiversity conservation is the absence of comprehensive data on the distribution and quantifiable estimate of biodiversity of a region. It is a well-known fact that while the species diversity is highest in the tropics, the information on biological diversity is biased more toward the poles. 50 There is a serious gap in information on the distribution and spread of the global biodiversity due to the relative unavailability of databases from the tropics. Another aspect of the available databases is that many of them do not have a geospatial location tag on them making it extremely difficult to use such databases for meaningful conservation planning.
Recent tools and techniques which can be used for biodiversity hotspot identification
Information technology has changed immensely the way we use and disseminate the information globally. 51 A number of offshoots in information technology are now being extensively used for assessing biological diversity and even biodiversity hotspots. To date, much biodiversity hotspot identification has been based on statistical tools such as species-area, species-endemism, and other tools. Since biodiversity hotspots are closely associated with the loss of the original habitats, use of remote sensing and GIS can provide accurate data on the amount and extent of changes in the original habitat. Apart from this, spatial data on the LULC of a region can also provide valuable information on the fragmentation and habitat suitability of a region which can be used for estimating the extent of damage to the original vegetation of the region. Numerous mathematical models as well as other information theory tools such as multi-criteria-based analysis and spatial decision support system can help in providing a better estimate of the spatial and temporal changes in biodiversity hotspots in real time. Since analysis of biodiversity hotspots uses the proxies such as a number of endemic species, various modeling techniques, especially species distribution modeling using geospatial techniques, 52, 53 can be used for locating new biodiversity hotspots.
A number of works have been carried out for identification of the biodiversity hotspots across the world. 54 Apart from species distribution modeling, identification of vulnerable areas is also important for hotspot identification as land cover change is one of the important aspects of biodiversity hotspots. 55 In recent years, space-based earth observation (EO) system has been used with remarkable accuracy to characterize the biodiversity at the landscape level. 56 The main concept behind this approach is that a definition of biodiversity which has a practical use in conservation and which takes into account the structural and functional aspect of the biodiversity is difficult to fathom with the current tools. So a logical and a more workable approach would be to characterize the biodiversity of a region, 43 which can be the basis for conservation and prioritization policies of the natural areas and their biodiversity. Availability of spatial database on the topography, terrain, climate, and high-resolution multispectral database has enabled us to characterize the biodiversity on the basis of the vegetation type, level of disturbance, 46, 57 uniqueness of the ecosystem, biodiversity value from representative stratified samples, etc. 58 Recently, a monumental work has been carried out for Indian landscape 19 to characterize the biologically rich areas in India using geospatial modeling. Using spatial data on vegetation type, fragmentation, disturbance regimes, as well as field sample-based phytosociological data from more than 16,500 geospatially tagged sample plots representing all the major vegetation types across the Indian landscape, a biological richness map was modeled. This map can act as baseline information for identification of potential biodiversity hotspots. An interesting observation from this study has been that, apart from the Western Ghats, which is one of the global biodiversity hotspots, the Eastern Ghats has a comparable number of endemic species and is therefore a repository of the important gene pools. 19 The holistic understanding of the complex mechanisms that control biodiversity, as well as their spatial and temporal dynamics, requires synergetic adoption of measurement approaches, sampling designs, and technologies. The data requirements include data of both spatial and nonspatial nature and also of various timescales. In view of this, the combination of satellite remote sensing, Global Positioning System, and integrative tools (such as GIS and Information Systems) is an important complimentary system to groundbased studies. It has been well explained by Murthy et al 59 that these technologies together form the basis for geoinformatics. The various parameters required for biodiversity assessment and their amenability for measurements by different techniques are given in Table 1 .
The need of the hour is a global data baseline on the spatial distribution of the biological richness based on identified sets of parameters applicable for individual ecosystems or biogeographical regions. Recent availability of the database on global land cover, 60 global ecological land units, 61 global land forms (using digital elevation models), etc, along with the regional level high-resolution data such as the biological richness maps, 19 temporal land use, and land cover maps, 62 has provided us with an enormous amount of data previously unavailable. This has enabled us to have synoptic information of the various global biodiversity hotspots in space (although in coarse resolution) and obtain an unbiased estimate of the status of the degradation and other forces in play in the biodiversity hotspots across the world.
Rapid assessment and identification of biological diversity
Identifying regions having high biological richness or biologically rich areas under threat has an immense bearing on the prioritization and also helps in inventorization of endemic and threatened species. Biodiversity characterization from landscape to species level can help in prioritization of ecologically threatened habitats and also uses landscape modeling techniques for identification of potential sites for endangered and threatened species for conservation in situ by protecting their habitats. 63 Furthermore, this technique is also helpful in identifying potential biodiversity-rich areas for intensive exploration for improving the plant biodiversity inventory.
Identification measurement and monitoring of biodiversity is complex due to its multi-scale and all-encompassing approach. A simplified but workable approach to rapid assessment of biodiversity is to use identified indicators that can serve as surrogates of biodiversity at national and regional levels. Although the selection of indicators differs for the different aspects of biodiversity inventory and biodiversity monitoring, the basic criteria are more or less the same, eg, threatened, endemic, and economically important species. 63 Using these tools, rapid biodiversity assessment can be carried out in relatively unexplored areas by characterizing the biological value of the landscape based on the species richness, the degree of species endemism uniqueness of comparable ecosystem, and the magnitude of extinction threats. Using a combination of landscape level characterization of the biodiversity and field-based rapid biological richness assessment, potential biodiversity can be characterized across the globe for the continuous monitoring of biodiversity hotspots.
Current status of biodiversity hotspots
At present, there are 36 biodiversity hotspots across the globe covering an area of approximately 23.79 million km 2 with an actual vegetation cover of approximately 3.44 million km 2 . The average endemic plant species diversity across the biodiversity hotspots is more than 44 species for every 100 km 2 ( Table 2) . 64 But in all probability, this is an underestimate as most of these areas remain relatively underexplored and the floristic surveys (by academic and research institutions) are mostly along accessible routes and in most cases within a radius not exceeding 150-200 km. 65 Estimates from moderate resolution satellite data (~300 m) on LULC indicate that the biodiversity hotspots have 14.89% of intact vegetation cover. 64 This is definitely an improvement over the estimates of earlier authors, 2,66 but coarse resolution satellite data has its limitations as it is not able to capture the small fragmentations in the forests due to infrastructure development in the biodiversity hotspot regions.
Global scenario
If we compare the biodiversity hotspots across the world, an interesting pattern emerges. There are around eight biodiversity hotspots which have approximately 30% or more intact forested area. Of these eight hotspots, seven lie in the 
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Roy temperate region where the population pressure on natural ecosystems is relatively low and there is relatively high human developmental index. 14 In contrast, the biodiversity hotspot regions having the lowest absolute intact forest areas are regions which have a very high population pressure and a very low human development index (Table 2 ). This indicates that anthropogenic pressure in terms of LULC change is one of the most important causes of the loss in natural vegetation cover in the biodiversity hotspot regions of the world.
Across the global biodiversity hotspots, as discussed earlier, there are on an average four endemic vascular plant species per 100 km 2 of intact natural vegetation in these regions. With the current rate of deforestation in these biodiversity hotspots, these endemic species are in serious threat of extinction due to their shrinking habitats. But the most threatened regions are areas which have much less absolute intact natural vegetation. Areas such as Polynesia-Micronesia, New Caledonia, and Succulent Karoo having a few thousand 
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Progress and challenges in biodiversity hotspot monitoring square kilometer of remaining forests which are at the gravest risk of species loss and extinction. 64 Almost all the hotspots in the tropical regions are under tremendous threat of land cover loss. Recent work in the Western Ghats by Roy and Srivastava 68 has shown that even inside the hotspots, there are LULC changes resulting in the hot and cold regions that are mostly due to population pressure and policy decisions. A similar situation exists in the tropical Andes, Madagascar, Sundaland, Himalayas, and Indo-Burma. There is an urgent need to identify the poten- 
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Roy tial regions of land cover change in the biodiversity hotspot regions for necessary conservation and protection. These regions need to be flagged for frequent monitoring. This requires high temporal datasets from EO satellites as well as ground-based sources/observations. Furthermore, the LULC changes in these regions are not very evident from moderate resolution satellite images as the changes are subtle and most often clandestine, such as removing the undergrowth, unsustainable harvesting of non-wood forest produce, illegal poaching, and removal of keystone species. Hence, satellite data of high spatial as well as temporal resolution is required for monitoring these areas.
Satellite-based assessment
A synoptic snapshot of the biodiversity hotspots at regular intervals can help us in identification of the potential regions of ongoing degradation or changes in the biodiversity hotspots around the world 65 (Figure 1) . The present capability of the EO systems to obtain a synoptic snapshot of the biodiversity hotspots at high resolution provides us with a great opportunity to identify and model the potential changes in the biodiversity hotspots across the globe. Figure 1 shows the LULC at a moderate resolution (300 m) prepared using satellite data for all the 36 global hotspot regions. The global datasets provide the status of the vegetation cover of these biodiversity hotspots at uniform resolution and accuracy. This helps in identification of the level of degradation of natural areas in the terrestrial biodiversity hotspots of the earth. With a baseline data on regional LULC, the changes in the natural cover in these regions can be monitored over time. Spatial organization of biodiversity on the earth has coevolved with physical environment of the region, in general and local biotic influences, in particular. It is also understood that ecological systems do not exist as discrete units but represent a continuum on an environmental gradient consisting of different land cover patches in the form of landscapes. Landscapes represent a mosaic of interacting ecosystems in relatively large to very large areas consisting of patches of different LULCs. The landscape processes have a significant bearing on the diversity at the landscape level which additionally becomes an important characterizing parameter of a landscape. The spatial information of the vegetation cover provides critical inputs to the fragmentation 69 and disturbance regimes 19 responsible for biodiversity loss. Satellite-based assessments of the LULC change are playing an important role in highlighting the regions of change and loss of forest cover. Recent work by Roy et al, 61 in preparation of high resolution decadal maps of LULC over India, gives us important inputs in identification as well as prioritizing the change regions in the biologically rich hotspots. It is imperative and timely to produce high-resolution spatial databases on LULC at a global level for assessment of the global biodiversity, especially for hotspots.
Conservation and prioritization of biodiversity hotspots
Since the biodiversity hotspots harbor almost over 44% of the vascular plant gene pool of the earth, conserving the biodiversity hotspots, which cover less than 2% of the total land area, can have an immense potential to conserve the gene pool of the world. 2 It has been reported by Mittermeier et al 70 that just 17 countries across the world harbor more than 70% of all the species on the earth. The mega-biodiversity countries include Brazil, People's Republic of China, Colombia, Australia, Democratic Republic of the Congo, Ecuador, India, Indonesia, Madagascar, Malaysia, Mexico, Papua New Guinea, Peru, the Philippines, South Africa, the USA, and Venezuela. Among all these countries, only the USA and Australia have relatively less pressure on their natural ecosystems, while the remaining countries are stretched for resources in terms of protection of the natural ecosystems, especially those with biodiversity hotspots.
Challenges in protection and conservation of biodiversity hotspots
In the present scenario, land use-derived changes in natural land cover is one of the most important threat to biodiversity globally. 28 Since in most of the mega-biodiversity hotspots, especially in the tropics, there is a predominance of subsistence farming, the increase in the population in these biodiversity hotspot regions has led to a greater demand for land for food production. 71 This is resulting in deforestation in these regions. Furthermore, demands for timber from the developed economies as well as the global footprints of the developed regions on natural areas are also resulting in degradation of the global biodiversity hotspots. Apart from this, the growth in infrastructure mostly due to an increase in road and rail networks and mining activities is resulting in the fragmentation of natural areas. 69 The biodiversity hotspots are also facing serious threats from other drivers of biodiversity loss such as global warming, 72 invasive species, 73 climate change, 72 and nutrient loading. 74 Recent work on the impact of simulated climate change on global biodiversity hotspots has shown that some of the biodiversity hotspots are expected to lose up to 30% of the endemic species population. 75 The hotspots mostly in the island regions such as the Caribbean islands, New Caledonia, New Zealand, Philippines, and Polynesia-Micronesia have a large number of invasive species which have been adapted to the particular climatic and land use conditions in the respective hotspots. Sea level rise as a result of global warming is also a threat to most low island ecosystems which constitute varied hotspots 76 as well as the Mediterranean region, where many of the natural areas are almost at the sea level.
Global initiatives for biodiversity hotspot conservation and protection
Myer's seminal paper 1 in 1988 identified for the first time that instead of protecting the entirety of remnant global natural ecosystems, protecting the richest part of it representing less than 1.4% of the land area can help us in protection of the biodiversity hotspots. 2 The first United Nations Conference on Environment and Development (UNCED) or Earth summit in Rio de Janeiro in 1992 was greatly influenced by this paper. The global initiatives on conservation as part of Conference of Parties Convention on Biological Diversity (COP-CBD) have emphasized the need for data generation, Research and Reports in Biodiversity Studies downloaded from https://www.dovepress.com/ by 54.70.40.11 on 08-Dec-2018 For personal use only. submit your manuscript | www.dovepress.com
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Roy equitable and sustainable resource sharing. and the protection of the biodiversity-rich areas by member countries. The Conference of Parties has subsequently brought about various initiatives the most significant being the Aichi Targets. 77 The Aichi Targets clearly identify the use of recent tools and techniques, like EO systems on various platforms, for monitoring and conservation of the biologically rich regions of the world.
Use of earth observation-based systems for conservation and prioritization of biodiversity hotspots
The present need is a sensor web involving the use of EO satellites as well as ground-based real-time data of global biodiversity hotspots. Apart from continuous monitoring of biodiversity hotspots, there is also a need to characterize the biodiversity hotspots for their biological richness so as to identify the areas for prioritization of conservation of the biodiversity in these regions. 19 As part of this, a high-resolution EO-based data such as Landsat or IRS LISS-III in the biodiversity hotspots at approximately 5-year temporal resolution can give a fairly good idea regarding changes in the biodiversity hotspots and can identify the regions most prone to change and enable adequate steps to be taken for protection and conservation of the region. Figure 2A -F gives a pictorial representation of EO-based monitoring of the biodiversity hotspots. This uses a top-down approach to identify the areas of change in the biodiversity hotspot regions using coarse resolution satellite data of Globcover and then focus the observations at a higher resolution to study the finer level changes in the biodiversity hotspots. The databases on the vegetation type and land cover of the biodiversity at various levels, ie, from global to regional 19, 78 and detailed modeling of the land cover change hotspots. 68 One of the classic works using EO data by Sloan et al 64 has been able to highlight globally the discrepancies in the estimates of the percent of remaining intact natural areas in the global biodiversity hotspots. Using coarse resolution LULC products from Globcover, 60 the mean patch area with respect to the percent of natural areas for different hotspots has been estimated, indicating that most of the hotspot areas have relatively low contiguous forests and forest fragmentation is one of the most important factors threatening the global hotspots. But similar studies need to be carried out at high resolution across the world by different groups at regular intervals to identify the critical hotspots as well as critical areas within the biodiversity hotspots.
Future direction, need for database creation and continuous monitoring
The biodiversity hotspots which are essentially the storehouse for almost 50% of the global gene-pool are one of the critical areas for conservation and prioritization. Since they occupy less than 2% of the total land area, conservation of these areas will require significantly less effort by the global community in protecting the gene pool by focusing their efforts toward the target areas. This is beneficial in terms of both financial and political contribution by the global community.
There have been a significant number of views expressed by different environmentalist as well as naturalists for including marine ecosystems which are very rich in terms of biological richness but do not qualify due to the absence of the significant diversity of vascular plants in these ecosystems. These marine regions are also under tremendous threat of degradation due to various anthropogenic activities. Furthermore, most of these ecosystems hold tremendous biodiversity which needs to be preserved. These areas, such as coral reef ecosystems, are also in close proximity to and support highly populated areas of the world (eg, Philippines, Indonesia, Srilanka). With the growth of the maritime industries such as fishing as well as exploration for various underwater minerals of economic importance, these biodiversity-rich ecosystems are under tremendous threat.
Identification of critical hotspots
The urgent need is to identify the critical ecosystems in need of conservation and protection. A combination of space-based and ground-based observations and data, incorporated into different geospatial models, can be used to identify areas which are in the process of losing their natural cover both in terms of quality as well as quantity. Geospatial modeling coupled with spatial decision support system for hotspot areas is the future for identification of critical areas and provide inputs to managers for prioritization and conservation. 79 Another promising tool for data generation is crowd sourcing, wherein the data is generated by the people with simple resources like smartphones are sent to centralized servers for real-time monitoring to support policies for the protection of the natural areas within biodiversity hotspots. 80 This tool is currently being used successfully in disaster management and mitigation in India. 81 
Participation of stakeholders and indigenous people
To achieve conservation objectives, there is a need for people participation. Sensitization of the local population regarding protection of their natural heritage needs to be carried out by the governments. The People's Biodiversity Register is one of the important initiatives of Government of India to coordinate and educate the stakeholders in documentation as well as conservation of the gene pool and their natural habitat for sustainable utilization of the resources. In fact, the various Conventions on Biological Diversity (COP-CBD) have time and again emphasized the involvement of the stakeholders in conservation and sustainable use of the biological resources in the mega biodiversity regions of the world. 82 Acknowledgments I take this opportunity to thank my students, colleagues, and coworkers who have contributed in the different research projects which have helped to build up this article. The data provided by Globcover and Conservation International which is used in this article is duly acknowledged. I also thank the anonymous reviewers as well as the Editor-in-Chief (Dr Lane) for taking pains to review the manuscript, providing their valuable suggestions, and proof editing the manuscript. Finally, I put on record my gratitude to Director, Indian Institute of Remote Sensing Dr A Senthil Kumar for his encouragement in completing this work.
